A new series of Co(II), Cu(II), Mn(II) and Ni(II), complexes were prepared with ligand derived by condensation of 2,4-dihydroxyactophenone, o-phenylinediamine, anisaldehyde with o-phthalaldehyde. The Schiff base and its metal complexes were characterized on the basis of various spectroscopic investigation like IR, 1 H NMR, Photoluminescence and thermal analyses. The geometry of the complexes was confirmed by electronic spectra, magnetic moment measurements and ESR analysis. The Co(II), Cu(II), Mn(II) and Ni(II) complexes have also been studied for their plasmid (pUC18) DNA cleavage activity.
Introduction
Schiff base ligands have significant importance in chemistry; especially in the development of Schiff base complexes, because Schiff base ligands are potentially suitable of forming stable complexes with metal ions. Many Schiff base complexes show excellent catalytic activity in various reactions in the presence of moisture. Over the past few years, there has been much report on their applications in homogeneous and heterogeneous catalysis, hence the need for a review article highlighting the catalytic activity of Schiff base complexes 1 . The development of the field of bioinorganic chemistry has increased the interest in schiff base complexes, it has been recognized that many of these complexes may serve as models for biologically important species. Schiff base metal complexes have been studied extensively because of their attractive chemical and physical properties and their wide range of applications in numerous scientific areas. They play role in both synthetic and structural research, because of their preparative accessibility and structural diversity 2 . Schiff bases of o-phenylenediamine and its complexes have a variety of applications including biological, clinical and analytical. Present investigation deals with the syntheses, spectral characterization, 
Experimental
Schiff base ligand was prepared according to the literature procedures. Microbial studies were carried out according to reported procedures and DNA cleavage agarose gel electrophoresis by DNA binding studies by titration method.
Synthesis of Schiff base (H 2 L 1 )
The Schiff base ligands were synthesized according to the general procedure. 
Synthesis of complexes
The ligand L 1 and L 2 was stirred with heating on water bath where upon a reddish brown solution was produced [4] [5] [6] . The contents were cooled to room temperature and a solution of metal acetate (0.01 mol) in DMF was added drop wise. The resulting mixture was stirred for 3 h with heating on a water bath. The product was filtered by suction, washed with ethanol and dried in vacuo 7 . 
Synthesis of metal complexes

Methodology for DNA cleavage study
Preparation of culture media DNA cleavage experiment was done according to the literature. Nutrient broth (10 g/L of peptone, 5 g/L of yeast extract, and 10 g/L of NaCl) was used for the culturing of Calf-thymus. After 50 mL of medium was prepared, it was autoclaved for 15 min at 121°C under 15 lb of pressure [9] [10] [11] . The autoclaved medium was inoculated with the seed culture and incubated at 37 °C for 24 h. DNA-Binding Experiments Electronic absorption spectroscopy has been widely employed to determine the binding characteristics of metal complexes with DNA 12 .
Results and Discussion
The 
Thermogravimetric analysis
The TGA curve of the Cu(II) complex I a is stable upto 120 °C. In the Cu(II) complex a weight loss of 12-14% was observed at a temperature range (Figure 2 ) of 244-249 °C corresponding to the removal of one acetate group. The complexes show a step weight loss of 27-29%. In the temperature range 343-372 °C corresponding to the elimination of part of the Schiff base ligand groups from the coordination sphere of the complex. The final residue corresponds to Cu(II) > 800 °C. 
Infrared spectra
The IR spectra provide valuable information regarding the nature of functional group attached to the metal atom. In order to study the bonding mode of Schiff base to the metal complexes, the IR spectrum of the free ligand is compared with the spectra values of the complexes. A band at 1660 cm -1 in free Schiff base is due to the stretching vibration of azomethine [νC=N] . The shifting of this group to lower frequency (1627-1688 cm -1 ) in the metal complexes when compared to free ligand, suggests the coordination of metal ion through nitrogen of azomethine group 13 . New bands, which are not present in the ( Figure 3 ) spectrum of ligand, appeared in the spectra of complexes in the range of 727-767 cm 
H-NMR spectra analysis
The 1 H NMR range of ligand (Cu(II)L 1 L 2 ), (Figure 4 ) in DMSO solvent shows a particular signal at (δ = 10.93 ppm) correspondent to two protons assigned to (O-H) group 14 . Two protons of (C 5 -OH, C 30 -OH) group give the impression as a singlet signal at (δ = 13.1 ppm) [15] [16] . 
Electronic spectra and magnetic moments
The electronic absorption spectral data of the ligand and its metal complexes were recorded.The UV-Vis spectra of complexes show a band at 610 nm, 600 nm and 620 nm respectively, corresponding to d-d transitions which are consistent with the octahedral geometry 19 . In the band at 445 nm for 1, 2 and 450 nm for 3 are due to n →π* transitions of azomethine (C=N) function of Schiff base and remaining bands in the UV region at 300nm for 1, 2 and 400 nm for 3 are due to π→π* transitions of Schiff base respectively. 
ESR Spectra
The X-band ESR spectra of complex Cu(II) was recorded in DMSO at room temperature. The spectra of copper complex exhibited anisotropic signals ( Figure 6 ) with g values g || = 2.17 and g⊥ = 2.04, and g || = 2.14 and g⊥ = 2.03 respectively, which is a characteristic of the axial symmetry 22 . The observed g-tensor values were g || (2.23) > g⊥ (2.17) >g e (2.04) suggested the complex have octahedral geometry. An exchange coupling interaction between two Cu(II) ions was explained by Hathaway expression G =(g || -2)/(g⊥-2). If the value G > 4.0, the exchange interaction is negligible and if G < 4.0, a considerable exchange coupling is [ Figure 5 ] present in the complex. In the present complex, the 'G' value (4.25) is > 4 indicating that there is no interaction in the complex. In addition the absence of a half field signal at 1600 G corresponding to DM = ±2 transitions indicates the absence of any Cu-Cu interaction in the complex. Kivelson have shown that for an ionic environment g || is 2.3 or larger, but for a covalent environment g || is less than 2.3. The g || values for the present complex were 2.17, indicating a significant degree of covalency in the metal-ligand bond 23 .
Cyclic voltametry
The Figure 8 ) for all compounds without any apparent red shift 27 . The observed hypochromism may be attributed to stacking interaction between the aromatic chromophores of the free and bound ligands and DNA base pairs probably due to intercalation. 
DNA Cleavage studies
DNA cleavage is measured by relaxation of supercoiled pUC18 DNA to nicked circular conformation and linear conformation. During electrophoresis process supercoiled DNA will migrate faster when compared with DNA in nicked and linear confirmations. Figure 9 illustrates the gel electrophoresis experiments showing the cleavage of plasmid pUC18 DNA induced by the metal complexes interest of the study. DNA with newly synthesized its Cu(II), Co(II), Mn(II) and Ni(II) complexes was studied using agarose gel electrophoresis method. Gel electrophoresis experiments were performed with complexes in the presence of H 2 O 2 as an oxidant. The nuclease activity was greatly enhanced by the incorporation of metal ion in the respective co-polymer, it is evident from Figure 8 , which shows that the complexes L ane 1, 2, 3,4,5 and 6 cleavage DNA more efficiently in the presence of oxidant, which may be due to the formation of hydroxyl free radicals. The production of hydroxyl free radical is due to the reaction between the metal complex and oxidant. These hydroxyl radicals participate in the oxidation of the deoxyribose moiety, followed by hydrolytic cleavage of the sugar phosphate backbone . The difference was observed in the bands of the complexes compared to that of the control DNA. This shows that the control DNA alone does not show any apparent cleavage whereas the Figure 10 ). Thus metal complexes show enhanced biological activity as compared to ligand, and this can be better explained by the Overtone's concept of cell permeability and Tweedy's chelation theory.
According to Overtone's concept of cell permeability, the lipid membrane surrounding the cell favors the passage of only lipid-soluble material; therefore, lipid solubility is an important factor that controls the antimicrobial activity. On chelation, polarity of the metal ion is reduced to a greater extent due to the overlapping of the ligand orbital and partial sharing of the positive charge of the metal ion with donor groups 30 . Figure 10 . Biological evaluation of Schiff base and its metal complexes Moreover, delocalization of the ᴨ-electrons over the whole chelate ring is increased and the lipophilicity of the complex is enhanced. The increased lipophilicity enhances the penetration of the complexes into the lipid membranes and blocks the metal binding sites in the enzymes of microorganisms.
Conclusion
Schiff base and metal complexes were synthesized and characterized by various physicochemical techniques like IR, 1 
